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Abstract
The Boeing Company gave Central Washington University an opportunity for students to
research and come up with an idea to reduce costs and landfill waste caused by the trimmings
from the 777x composite wing pieces. The engineering and manufacturing for this project is
about transporting composite material through to the delamination and chipper process. The
delamination process uses a ram to press two claw shaped devices together that bends and
deforms the material in opposite directions. The chipper process uses counter rotating saw blades
spaced 1/8” apart to produce small shredded material. It is important for this newly designed feed
control to move the composite material at a steady speed and grip the material with enough force
to move it towards the delamination and chipper process. It should function without jamming,
breaking, and ejecting the material improperly. The feed control has shafts with sharp grooves,
turning the feed control at a steady 10 inches per minute making the whole mechanism function
more efficiently. The system is designed to run the material through for 5 seconds, stop 14
seconds for the ramming process and repeat. The feed control mechanism manufactures the
shafts for best fit, putting those parts together and manually moving the feed. Testing showed
that the composite material moving along to the delamination process works, properly holding
the material and preventing jams. The volume of material that could be fed through the system
was 5 cubic inches per minute.
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Introduction
Description
The purpose of the composites recycling project, is to provide a framework and a feed rate to
pull and hold the composites “carbon fiber” in a steady and firm matter to be bent and delayered
in the delaminating process. There will be some sort of device made to crush or roll the material
to be delayered. There needs to be a feed control to be able to run the process through the
framework at a certain speed. When the composite passes through the delayering process, it will
go through cutters to shred the composites into tiny pieces. The composites will then be put in
the fire for the resin to burn and disintegrate while the fiber will be left to be reused. The
leftover of the fiber can possibly be sent to companies that reuse material, because the Boeing
company can’t reuse this recycled fiber on planes, at least not yet.

Motivation
The inspiration of this project came from last year when two students were working on this
project but could not get it to work properly. The material was not being gripped properly to go
through the framework, the feed rate was not matching with the cutter, and instead of matching
the feed rate and the cutter, the cutter was overpowered. The framework needs to be redone to
hold the composite material securely and go through at a more reasonable feed rate. The frame
work needed to be remade where it could weigh less and use less material. The feed control side
will design new rollers to move the material through. The delamination will be a new process as
well with more improved material being used. As a group, the goal is to make the composite run,
delaminate, cut, and to burn the resin and only be left with the fiber to reuse.

Function Statement
The purpose of the feed rate is to be able to move the material through the framework at a steady
pace, grip the material securely in place, at a realistic speed.

Requirements
The feed rate should be able to process the composite material at about 10-30 inches per minute.
The 2 shafts running the feed should be able to run the feed and stop in 1 sec or less when
ramming is being done delayering the composite. The framework should be firm to withhold all
the process it will be going under approx. 100 pounds. The cutter should cut the material in a
certain speed and manner approx. 500 RPM. The hand wheel being used to turn the material
must turn 20 revolutions to move the material 2 inches.

Engineering Merit
The feed rate and feed mechanism should be able to withhold the composite material without
jamming or breaking the layering process. It should delaminate 80 percent of the material.
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Scope of Effort
The machine should be able to pull, hold, and push the material through the feed mechanism that
will be running at constant speed and stopping when ramming material. The speed should secure
and work with the material to not break it or jam it.

Success Criteria
The system is designed to be able to recycle the composites in material to be reused in the
industry. The shafts and pulleys should work together in the right way to move the material
through the feed rate steady and through the cutters to end the process with fire. All the amount
of composite recycled should increase with the corrections being made to the mechanism.

Website
https://rosyangelica15.wixsite.com/feedcontrolcwu

Design and Analyses
Approach: Proposed Solution
The approach to a solution for the feed control is to remake the feed shafts of the mechanism.
The 2 shafts are going to be solid shafts (cylinder like) attached to the framework. Shafts are
going to be press fit, so they don’t move vertical or horizontal but only rotate within their slot.
The shafts are going to have a knurling finish or some sort of grip to grab the composite material.
The end shafts will be working with a total of 4 pulleys and 2 V-belts to make the mechanism
drive through the hand wheel turning the belts. The feed should stop within 1 second or less,
almost instantly. As far as the mechanism working, it comes down to the framework holding all
the feed control parts together for the composite material to go through. All frame work put
together and the feed control working, the next part is the ramming process that will delaminate
the material. The proposal is to get the mechanism made and running and when working
properly, it will be improved to be the most efficient as possible through testing and running trial
errors.

Design Description
The three pictures shown below show the top, right, and front view of the assembly drawing put
together in solid works. The feed control mechanism is made up of 2 shafts, 4 pulleys, 1 idler
roller wheel, 2 v-belts, and a hand wheel. The three views are a great way to see how the feed
control mechanism comes together to work properly and begin the manufacturing process of all
the parts.
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1 FRONT VIEW, 2 RIGHT VIEW, 3 TOP VIEW

Performance Predictions
The predictions of the feed control system should function if all the materials are put together
properly. When the mechanism is put together the feed rate should be running at 10-30 inches
per minute. The feed should run continuously until wheel and idler roller stops it. The
predictions and calculations that it will stop in 1 second are in Appendix A4.

Benchmark
The idea about the shafts having grip on the surface came from the idea of a machine called the
Planer, the machine has griping material to grab onto the wood. The gripping material is made of
steel just like the shafts. The shafts are going to have knurling grip or any sort of grip design to
grip the composite material.

Description of Analysis
There are requirements that should be met to have a running and functional feed rate. The goal is
to have 500 RPM to start off with. The speed cannot be fast nor too slow but the average speed
should between 10 to 30 inches per minute. The ratio of the pulleys should be at 3:1 to be a
speed reducer off the idler roller wheel.
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Device: Parts, Shapes and Conformation
The feed control part of the composite recycle project is made up of many parts. There are three
pulleys that are 7.45 in. diameter, one- 3.55 in. diameter pulley. There are a total of four pulleys
with two belts driving the feed. One threaded idler roller adding pressure to the belt for better
slip and grip. There is a 12 in. diameter hand wheel turning and running the feed control. The
two shafts running the feed control are 16.375 in. long shafts. There are circular and long tubes
running the feed control.

Device Assembly
The picture below is a current picture of most of the parts put together. There are parts missing
as the key way, V belt, etc. The assembly of the mechanism is coming together. This is only an
assembly picture of what the Composite Recycle: Feed Control parts are made of. All the other
parts are a part of the Frame and Delamination Project.

Tolerances, Kinematics, etc.
The tolerances for the feed control mechanism has all the parts made to tolerances of roughly
two thousands of an inch. The study of the kinematics of distance over speed, area covered over
speed, and acceleration over speed.

Technical Risk Analyses, Failure Mode Analysis
There could be some technical risk analyses that could be done if the motor, pulley with belt, or
shafts dysfunction. There should be a solution to any technical risk factor that could happen in
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the mechanism. Technical risk Analyses can be found in Appendix A9. A failure mode analyses
is also conducted for the feed control mechanism and is found in Appendix A10.

Methods and Construction
As to constructing the Composite Recycle: Feed Control, there are designs and drawings in
Appendix B that show all the parts. There is a total of 10 parts that construct the feed control
mechanism. Once the frame is built, the parts of the feed begin to start going in the frame. There
are two shafts with grooves going on the bottom part that are going to be moving the feed. There
are 4 pulleys that are going to be positioned at the ends of the shafts. There are going to be 2 Vbelts connecting 2 pulleys together and another belt connecting 2 pulleys. This will all be driven
by the hand wheel. Then a threaded idler roller was added to put pressure on the belt to add
enough grip for the belt to run and stop.
The three 7.45-inch diameter pulley were purchased and had nothing done to them, but the 3.55inch diameter pulley was turned out to where the inner diameter was bigger. The hand wheel
inner diameter was also made bigger and had a key way added. The two shafts were made on the
lathe machine and will have grooves added on the CNC machine.

Description
The way the thoughts and ideas came to be about the feed rate control was from last year’s group
and the concept of how to make it run. There was insight from Professor Johnson, Pringle, Choi
and Matt Burvee. Off those ideas there were analyses constructed that hold sketches, equations,
and ideas noted down for future reference. There was online researching, looking through the
Mechanical Design book for equations, pictures of parts and motor systems. There were
meetings throughout the quarter to talk about what each person plans on doing to make the
composite recycler work.

Drawing Tree
The drawing tree layout is an idea of how the step through the process of feed control will be put
together or how the thinking process will be set up.
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Step 1

Step 2

Step 3
KEY WAYS

SHAFTS

DRAWINGS &
CALCULATION
S TO MAKE
FEED
CONTROL

GROOVES

V-BELTS

PULLEYS

IDLER ROLLERS

Parts lists
Parts list and prices will be on Appendix C labeled “Parts list”.

Manufacturing Issues
On the pulley that is 3.55 inch diameter, it was manufactured to where the inner diameter needed
to be turned out and made bigger to fit properly on the motor shaft. Another manufacturing issue
was that the hand wheels inner diameter was too small and needed to be turned out to fit the shaft
on the motor. There was an issue on what kind of grip design was going to be added on the shafts
to grip the composite material. A solution was to make grooves designs with a 60 degree angle
cutter and cut .03 inch deep cuts along the shafts.
The feed control mechanism was running into a problem by trying to figure out the correct vbelts for the system. The first green sheet with calculations was incorrect and needed revision.
The second green sheet of the v-belts calculations were correct and ordered the 2 v-belts needed
at the right length. The next step to make modifications to the system was to manufacture the
grooves on the 2 shafts. The amount of grooves, with the right rotation angle and correct depth of
cut was needed to proceed to manufacture. The manufacturing of the shafts took place on the
CNC machine. These two problems were resolved and were able to move on with the feed
mechanism.

Discussion of Assembly, Parts, Drawings
The assembly is going to be made up of shafts, pulleys, v-belts, threaded idler rollers, and a hand
wheel. The motor is the main part driving the whole assembly. The motor will be a small 1 HP.
Sketches of parts are on green sheets to get ideas going and then began drawing those parts in
solid works to put the parts together (Appendix B). The whole assembly will be put together in
the Frame of the entire composite recycler mechanism. The bill of materials is what hold the
assembly including all the parts, there are separate drawings of each part and how it’s
manufactured.
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Testing Method
Introduction
In the feed control mechanism, testing of the shafts that it will in fact move the belt and pulleys
will be completed. Once the mechanism is put together, there is going to be testing done that the
speed will reach the goal of 10 to 30 inches per minutes. Also, testing how many boards can be
delaminated in a certain amount of time (EX: an hour of delamination). Testing on how much
slippage should be added to the belts to run properly.
Test 1: complete in Appendix I.
Test 2: complete in Appendix I.

Method/Approach
The testing will not be done until spring quarter of 2019. The way to reach the goal of 10 to 30
inches per minute is to make sure motor is running properly and running the pulleys and shafts at
that feed rate. Testing it without the composite material going through to get a speed reader of
just the belt. As for the delamination, running the speed for an hour and see how many board can
get through in an hour using the goal of 10 to 30 inches per minute.

Test Procedure Description
Even though there is no solid ground on how the speed is going to be accurately approached,
using the analyses done with the rotational speed, angular velocity and the torque of
shafts/pulleys. Using the math, getting an accurate reading of the speed to match the desired goal
should be accomplished. The motor should run the shafts to its speed and being able to read the
speed off with a certain device. The material will be running through the feed to see how many
boards can be delaminated with the goal speed.
Off the constructed device of the composite recycler, the hand wheel is driving the shafts that has
the pulleys and the v-belts attached on the ends. The testing can be done off how much torque
and force is required to move the entire system through one batch of composite material.
Testing 2 went smoother than test 1. The testing that was being completed for the feed control
was how many inches will the feed move when the hand wheel is being turned 20 revolutions.
Marking the material and turning 20 revolutions will give a new mark to place and record the
inches moved. This test was complete on two different springs’ rates. The first spring rate was
ran twice and had the same results for each trial, the feed moved 2 inches when hand wheel
turned 20 revolutions. The next spring rate was ran twice and moved 2 inches across the feed for
each 20 revolutions being turned. The two spring rates were different but had the same results on
the feed. It was better data and feed rate than the first testing that was done.
For test plan 2, the composite recycle team had to do modifications to the feed control
mechanism. The change of springs needed to be made to improve the way the springs acted on
the shafts to the composite material board. There were two sets of springs that were purchased
11
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and were changed in the frame. The original set of springs were 8.16 pounds per inch. The first
new set of springs was 24.2 pounds per inches. The second new set of springs was 26 pounds per
inches. The two new sets were tested and improved the testing results from the first test plan.
The testing results improved and moving on to the next stage in the testing process.

Deliverables
There is going to be an example of the prediction testing method in Appendix G and the actual
testing done it will be uploaded in spring quarter 2019.

Budget/Schedule/Project Management
Suppliers, Estimated Costs, Labor, Funding Source
The budget cost is in Appendix D where it shows the amount of money available for the
composite recycler project and estimating the total of all parts. The project is going to be funded
by JCATI with the total amount of $5,000. All the feed control parts have been ordered and the
total amount spent is $325.73. The great thing about the feed control parts is that they were
mostly ordered through McMaster Carr. The parts and materials on that website are sold at great
and affordable prices. The most expensive part of the feed control was the handwheel which was
almost 80$ on just one part. The good thing about the handwheel is that it was necessary and
important to the feed control because without it the feed would not be able to move.
Throughout the whole spring quarter there were no changes made to the costs/budget. There
were no new parts or supplies needed for the feed control. The parts were all purchased and
completed in winter quarter. The labor time that was spent on the feed control was an absolute
crazy time. The good things about having the funds ready to purchase all the materials needed
was great. There was no need to waste days on waiting for funds it was ready. Parts were ordered
right away, and the amount of time waiting was little. The time spent to machine each shaft when
it was being manufactured was 4 hours per shaft. There was no need to purchase or redo any part
since it was made exactly as it was designed in solid works.
The great thing about the feed control is that there were no parts that needed to be repurchased
incase of mistakes because there were none. All the feed control parts were within the funds
available and did not go over the limit.

Schedule Issues/Changes
Since the beginning of January 2019, the composite recycle team has been working to make
revisions and changes that will make the mechanism work. As the feed control was reviewed by
faculty members, there needed to be changes to the parts to make the feed run. There were
revisions in the shafts, the pulleys, the V-belt length, etc. It all came down to having the best
working assembly to prove the feed control could work. Throughout the winter quarter there
were many revisions made to all the parts, drawings and assemblies. The total assembly for the
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feed control was finished in week 6 of winter quarter. The construction of the feed control was 34 weeks and all the parts for the feed control were manufactured, ordered and assembled on time.
At this moment, third week in May, there have been no Budget changes to the Composite
Recycle Mechanism. The cost has been the same since the last time it was updated. The group
did not exceed the amount of $5000 that was given. Thank you to the JCATI and Boeing for
their sponsor because without them this project would not have been possible to built. There
were changes back then made because the group had to purchase two different sets of v-belts but
everything was updated and changed. There are no current issues with the Budget section of the
Composite Recycle: Feed Control.
There were many changes made throughout fall, winter and spring quarter, but they all had to be
documented. The amount of prices really doesn’t change throughout spring quarter because all
the parts were finished winter quarter. There were no parts that needed to be changed in the feed
control project.
The budget is updated and current with what is shown in the parts lists/budget shown in appendix
D. There were no changes made in the feed control that needed to fix on the budget list. There
were no parts that needed to be purchased. If anything, there was only an exchanged in belts, but
it was the same price. There were no additional fees that needed to be added since everything
was bought in winter quarter. The budget stayed within the amount of money given to us by
JCATI and without the money this project would have been pricey for the students working on
the Composite Recycler.

Gantt chart
The schedule of this project is organized by the Gantt chart shown in Appendix E. The chart
shows how to manage the group’s time, how long it takes to do a solid works drawing, how long
it takes to do testing or how long it takes to do an analyses sheet. There are going to be time
records of how long it takes to manufacture a part and total time of putting the whole assembly
together. In the Gantt chart there are highlights for the functions that take the longest and how
much time is being divided equally to manage time efficiently. Estimating around 200 hours at
the moment, it could be more or less. At the end of this project there should be 1000 hours
estimated being clocked in total.
The Gantt chart is updated daily if not weekly since the PSR’s are turned in with it every
Monday at the beginning of class. The Gantt chart being updated weekly is a great way to keep
track of what was worked on in class. If the Gantt chart is not updated with the correct hours or
correctly colored in with color it will be docked down points. The Gantt Chart is found in
Appendix E. The last revision made was on June 3, 2019. There was a total of almost 600 hours
put into the feed control mechanism. At the beginning of the project it was estimated to be at
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least 1000 hours being put into the project but to be realistic it was only approximately 600
hours.

Project Management
Human Resources includes, Rosy Perez (Feed Control), team members Alfonso Olivera (Frame
Body), Nathan Sauer (Delamination) and Alex Edwards (Fire). Professors, Johnson, Pringle, and
Choi have been great resources to ask questions and rely on feedback about the project. When
making the parts in the machine shop, Professor Matt Burvee and Ted Bramble will be the best
resource in that area. The machine shop will help with making, adjusting, and putting the parts
together for the project. That includes using the lathe machine, drilling holes and even just
cutting down material with a saw. There has been a lot of help from the “Machine Elements in
Mechanical Design” textbook. It has helpful information and equations to help with the feed
control assembly. The websites where the material is going to be purchased also has helpful
information about the mechanism of a feed control as feedback. The most important was looking
through last year’s project and envision how it could be improved. Last year there were two
students working on it and this idea was passed down to redesign.

Discussion
Design Evolution/Performance Creep
The design evolved off two students who took the chance to make the composite recycler for the
Boeing Company Fall 2017. This is all for the composite material from the plane to be
delaminated and shredded for reuse. The performance creep for this project is not a concern
because the composite recycler will not be under high temperatures or high stresses. Making sure
to do testing on the stresses to make sure this does not occur. With time there could be a time
dependent deformation in the future.
The process of getting the research, calculations and methods of the feed rate proposal has been
difficult. The feed rate proposal that was given and had modifications in every aspect. The
drawings and calculations that are in appendix A and B have revisions that have been added
since there were changes made to the pulleys, the shafts, and the way parts are going to be put
together in the frame to make the feed rate work. The biggest issue now is making sure the
pulleys with V-belt will have enough tension and slip to run. Getting the right size of pulleys and
the ratio correct is important to make the shafts move the material through. There have been
issues but the issues are going to be fixed in the best possible manner.
The Pulleys are a 3:1 ratio. The shafts were manufactured with grooves for enough grip friction.
The V-belts lengths were calculated and put together with the pulleys and shafts in the frame.
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There are going to be so many components put into the feed control that it will be hard to keep
up and having to write about each thing. The most important thing to note in this discussion is
that there were so many revisions made to the feed control mechanism in order to make it work
together properly with the frame and delamination project. The most important about the frame
is that the shafts must fit properly inside and that was a total success. The next part is making
sure the pulleys were the right ratio to make it work and that was achieved due to the calculations
shown in the green sheets. The next problem with the pulleys was that it needed to fit outside the
frame work without hitting or interfering with other parts outside of the frame. It all had to be put
together to not ran into other parts. This was achieved with the help of solid works and making
sure nothing would interfere. There was a problem in how big the v-belts needed to be. The solid
works has a belt estimator, but it is not accurate. It shows the belt lines in some of the designs
shown above but the best way to figure out the length of each belt was through the green sheets.
The green sheets shown in appendix B show the calculations to figuring out the lengths and sizes
of the v-belts. All the pulleys and including the shafts and handwheel there needed to be
keyways machined into them to be put in properly without having parts coming off.
Every single part from the feed control was put inside the frame and delamination with accuracy
as shown in the solid works drawings and assemblies. The project would not have been possible
without the accuracy and precision that the composite recycle assembly in solid works.
After putting all the parts together of the composite recycle mechanism that frame, delamination
and fire projects came together to make sure everyone was pleased with how the project came
together as whole. Everyone was happy and content with what each one had put into the project.
Everyone worked together and hard to get the composite recycle mechanism completed and
finished. In April the four projects went to a JCATI symposium where each one had to explain
what their projects were about. The JCATI symposium was a great way to show and to prove to
everyone there that the project was a total success. Now the group had completed tests and came
up with data to prove the mechanism creditability.
Following the JCATI symposium the group came together to conduct more tests. There were
tests completed to prove the material fed through, the material was being delaminated and the
frame was working to hold all the parts and the activity going on inside. It was great to see all the
projects come together as one and experience the positive outcome of all the hard work put into
the composite recycle mechanism.
It was a stressful time for the whole team because there were a lot of revisions and changes being
done to the whole project. There were green sheets and designs that were changed more than two
times at least but let’s just say there is no other team to have worked with. It would not have
been possible without the great team being put together for the composite recycle. The composite
recycle was a great project to work on and learn from.
Everything that needed to be changed, added, or taken out was always confirmed with Matt
Burvee who was mostly in charge of the composite recycle.

Project Risk Analyses
The project will have its risks and analyses is found in Appendix A13.
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Successful
As far as the projects proposals of the composite recycler team, there is to be 100 % success. The
green sheets with notes, analyses, and sketches help get to actual solid works drawings and to
machine actual parts. Once putting the whole mechanism together the project should be a total
success.
As of March 7, 2019, the feed control is 100% designed, manufactured and assembled. The parts
are all in the frame and the feed control mechanism is completely built. The shafts were put into
the frame work without any problems. The belts needed to be tightened for better grip but it after
that everything was great. The pulleys met the v-belts properly. The hand wheel was put on the
shaft and turned the whole mechanism properly. Every part that was machined and/or bought
was a great fit with the other projects to put the Composite Recycle together. The feed control
works efficiently.

Project Documentation
All the project documentation such as analyses, notes, and sketches of parts are all going to be
found in Appendix A-K. This is all important documentation to prove this project can be a
success and show the right amount of knowledge towards this project. There is going to be more
documentation added as the feed control is being built and tested.

Next Phase
The next phase of the composite recycler project will start up again winter quarter 2019. This
will include using solid works drawing to machine the parts. The drawings contain the
appropriate dimensions and the right material to make the part. Putting all the parts together to
make the frame will be the most important. All the parts must be together to get the feed, ram
and board running through the mechanism. Engineering and constructing the next phase is the
most important.
Now that winter quarter 2019 is over and the device assembly has been 100% constructed. After
putting the feed control together with the Frame and Delamination projects is when the whole
team came to the conclusion that the group was ready to move on to testing the mechanism.

Last Phase
Now for the spring quarter 2019, the testing of the feed control is taken place. The testing is
necessary to make sure the feed control is a working device with no errors. If there are any errors
with testing being done things can be changed to be improved. There are going to be tests
conducted to prove that the feed is working properly. The handwheel needs to turn the whole
mechanism, the pulleys and the v-belt must have slippage and grip to turn the shafts inside the
frame. The shafts made with sharp grooves should grip the composite material to move through
the frame. Overall, it should all work properly when being tested without any complications.
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Conclusion
This project wouldn’t have been possible without the sponsorship from the JCATI foundation.
The Composite Recycle: Feed Control is what this project proposal is all about. The feed control
is going to move the composite board through the frame to be delaminated. The motor is going to
be the main drive of the system there are going to be pulleys and v-belts running the shafts inside
the frame to move the board through the system.
The introduction, method, budget, schedule, discussion and all the analyses with drawings are a
part of the feed control mechanism. The calculations and all the parts that are going to be
manufactured or bought are all in this proposal. The Frame work is included in this proposal to
see what the feed control in the frame looks like and parts of the system that is going to drive the
10 to 30 inches per minute goal. If maintaining the speed goal working together with the motor,
shaft and pulleys this will all be 100% successful and with all the project management being 0%
risk factors.
The professors and the team members of this project must all work together to make this project
a complete success. If following all the guidelines describes in the predicted performance
technical, risk and prediction analyses that is headed towards success. All the prediction analyses
for the actual performance analyses are going to be available until spring 2019. There was not
one prediction made that wasn’t a success. It was great to see the whole composite recycle
mechanism come together as one to prove it was a total success. It was great to be a part of such
a hard project. There was so much time and effort put into the project.
This project proposal took a lot of dedication and time. There was an estimated so far a total of
200 hours it could be more or less but this project throughout the year is going to be an amount
of endless hours to get it done by the end on spring quarter to graduate. It is now June 3, 2019
and the total amount of hours recorded were 600 hours. Thanks to the composite recycle project
it has taught us all the real side of being a mechanical engineer.
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APPENDIX A
ANALYSES A1: Minimum Force/Area of Composite Board
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ANALYSES A2: Feed Rate Goal/ Speed (rev/min)

ANALYSES A3: Torque Required to Stop Shaft
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ANALYSES A4: Will Feed Stop in 1 Second or less
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ANALYSES A5: Friction of Steel or Rubber
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ANALYSES A6: Pulley Torque
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ANALYSES A7: Torque on Shaft

ANALYSES A8: KEY DESIGN
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ANALYSES A9: V BELT DESIGN
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ANALYSES A10: TECHNICAL ANALYSES
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ANALYSES A11: FAILURE MODE
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ANALYSES A12: PREDICTION TESTING
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ANALYSES A13: PROJECT RISK
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ANALYSIS A14: BELT LENGTHS
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ANAYLSIS A15: REVISION OF BELT LENGTHS
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APPENDIX B
COMPLETE FEED ASSEMBLY PICTURE & BILL OF MATERIALS
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SHAFT

REVISION 1 OF SHAFT
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FINAL REVISION ON SHAFT
NOW WITH GROOVES
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Pulley 3.55

Pulley 7.45
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Hand Wheel

Threaded Idler Roller
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V-BELTS
18 INCH OUTER CIRCUMFERENCE

47 INCH OUTER CIRCUMFERENCE
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L SHAPE TO HOLD IDLER ROLLER
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APPENDIX C
PARTS LIST
• 2 Shafts
• 3- 7.45” Pulleys
• 1- 3.55” Pulley
• 2- 2” Idler Roller
• L Shape Part
• 1 Aluminum Hand Wheel
• 2 V-Belts

APPENDIX D
BUDGET

ITEM #
1
2
3
4
5
6
7
8

ITEM DESCRIPTION
1.5" Rotary Shaft
1/4 Steel Rod (3")
Heavy Duty Vbelt Pulley
Heavy Duty Vbelt Pulley
Aluminum Curved 3 Spoked Hand Wheel
Neoprene Roller
Vbelt Long
Vbelt Short
SPONSORED
$5,000.00

COMPOSITE RECYCLING - FEED CONTROL
PARTS LIST
ROSY PEREZ
ITEM SOURCE
BRAND
MODEL PRICE ($)
1045 carbon steel
mcmaster carr
81.22
12L14carbon steel
mcmaster carr 12L14
3.44
Cast Iron (3.55")
mcmaster carr (3/4")
25.46
Cast Iron (7.45")
mcmaster carr (3/4")
25.46
12" Diameter
2" Roller Diameter
3L730 47" OC
3L650 18" OC

mcmaster carr
mcmaster carr
mcmaster carr
mcmaster carr

BUDGET TOTAL
$5,000.00

12"
1-15/16"
47"
18"

QUANTITY

78.08
21.03
12.22
6.87

BUDGET - TOTAL FEED CONTROL
$4,674.27

1
1
1
3
1
2
1
1

SUBTOTAL
ACTUAL ($)
81.22
81.22
3.44
3.44
25.46
25.46
76.38
76.38
78.08
42.06
12.22
6.87

78.08
42.06
12.22
6.87

TOTAL EST.
TOTAL ACT.
325.73
325.73
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APPENDIX E
GANTT CHART
Last Updated June 3, 2019
PART 1
COMPOSITE RECYCLER: FEED CONTROL
ROSY PEREZ
Duration
Est. Actual %Comp. S October November Dec
(hrs) (hrs)

TASK ID: Description
1
1a
1b
1c
1d
1e
1f
1g
1h
1i
1j
1k
1l

Proposal*
Outline
Intro
Methods
Analysis
Discussion
Parts and Budget
Drawings
Schedule
Summary & Appx
Website
Abstract
PSR's

2
2a
2b
2c
2d
2e
2f
2g
2h
2i
2j
2k
2l

Analyses
Force added
Feed Rate
Torque / power
braking torque
rubber / steel
pulley torque
shaft shear stress
key design
vbelt
technical
failure mode
prediction testing

3
3a
3b
3c
3d
3e
3f
3g
3h
3i
3j
3k
3l
3m
3n
3o
3o
3q

subtotal:
Documentation
Drawing 1 (Shaft)
Sketch Drawing 1 (Shaft)
Drawing 2 (Pulley 1)
Sketch Drawing 2 (Pulley 1)
Drawing 3 (Pulley 2)
Sketch Drawing 3 (Pulley 2)
Drawing 4 (Ratchet wheel)
Drawing 5 (Hand Wheel)
Drawing 6 (Idler Roller)
Drawing 7 (Vbelt)
Drawing L Shape
Drawing Belt tensioner
Overall Sketch Drawing
Overall Drawing
REVISIONS
ANSIY14.5
Make Object Files
subtotal:

subtotal:

1
0.5
0.5
0.5
0.5
2
10
5
2
20
5
50
97

3
7
7
30
6
10
50
12
5
30
3
30
193

1
1
1
1
1
1
1
1
1
1
1
1
12

3
3
3
3
3
3
3
3
3
1
1
1
30

5
1
2
1
2
1
2
4
4
3
1
1
10
10
10
2
1
60

10
6
6
6
7
8
3
5
5
5
3
3
25
20

January

February March

April

May

June

10
6
128
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PART 2
4
4a
7
7a
7a1
7b
7c
7d
7e
7f
7g
7h
9
9a
9b
9c
10
10a
10b
10c
10d
10e
10f
10g
10h
10i
11
11a
11c
11d

Note:

Proposal Mods
Feed Control Schedule
subtotal:
Part Construction
Shafts
Grooves (Shafts)
Pulley 3.55
Pulley 7.45
Idler Roller
hand wheel
Making key ways
L Shape part
Belt Tensioner
subtotal:
Device Construct
Assemble shafts
Assemble grooves
Assemble feed machine
subtotal:
Device Evaluation
Testing on Feed Control
Researching Resources
Testing Green Sheets
Analyses planning
TESTING**
Testing documentation
Evaluation
Pictures of Testing
Updating Webite
subtotal:
495 Deliverables
Writing up Report
Presentation
Source Poster
subtotal:
Total Est. Hours=

2
2

7
7

2
5
2
2
2
2
2
1.5
1
19.5

5
12
1.5
1
1.5
3
2
2
1
29

1
5
2
8

3
12.5
10
25.5

15
2
4
2
15
5
2
2
24
71

15
2
5
2
15
5
5
2
26
77

45

45

5
50

3
48
537.5

Deliverables*
Draft Proposal
Analyses Mod
Document Mods
Final Proposal
Part Construction
Device Construct
Device Evaluation
495 Deliverables
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APPENDIX F
EXPERTISE AND RESOUCES
•

Professor Dr. Johnson, Craig. Mechanical Engineering Technology Coordinator.

•

Professor Pringle, Charles. Mechanical Engineering Technology Professor.

•

Professor Dr. Choi, John. Mechanical Engineering Technology Professor.

•

Professor Bramble, Ted. Mechanical Engineering Technology Professor.

•

Professor Burvee, Matt. Mechanical Engineering Technology Professor.

•

Book “Machine Elements in Mechanical Design” Sixth Edition, by Robert L. Mott.

•

Solid Works 2018

•

Machine Shop at CWU Engineering Tech. Building

•

Google

•

McMasterCarr.com

•

JCATI SPONSOR

•

Boeing Company
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APPENDIX G
TESTING DATA

Table 2
Thickness of
Composite
Material
Before
(inches)

Thickness of
Composite
Material After
(inches)

Task Time
(minutes)

Sound of Feed
(good/bad)

Feed after 20
revolutions
(inches)

Trial 1

.360

.495

5

Good

2

Trial 2

.360

.492

5

Good

2

Trial 3

.360

.493

5

Good

2

Table 3
Thickness of
Composite
Material
Before
(inches)

Thickness of
Composite
Material After
(inches)

Task Time
(minutes)

Sound of Feed
(good/bad)

Feed after 20
revolutions
(inches)

Trial 1

.360

.490

5

Good

2

Trial 2

.360

.491

5

Good

2

Trial 3

.360

.490

5

Good

2
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APPENDIX H
EVALUATION SHEET
AVAILABLE UNTIL SPRING QUARTER 2019
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Test Report 1

APPENDIX I

Introduction: The composite material (1/4”x 3”x 5’) of a Boeing 777x wing is going to be
delaminated by a ram pressing two claw shaped devices together to bend the material. The bent
material must stay in place without jamming, breaking and ejecting the material improperly.
Once the material has gone through in and out properly in the delamination process in the frame
body it will then go into the chipper process to be shredded.
Requirements: The 1/4” material after being delaminated it must not be more than 1” thick. The
material must not get jammed. The material must move along the delamination process in less 30
seconds from entering and exiting the frame body of the mechanism.
Parameters of interest: The material will roughly be 1/2” thick after delamination process and
will take around 30 seconds to complete from entrance to exit of frame body.
Predicted performance: The feed and delamination process will work together to have a good
outcome.
Data acquisition: As the feed is running and delamination ramming down on the material it is
important to listen to the sound inside the frame body. Bad noise will indicate something went
wrong.
Schedule: Testing this plan will take an approximate 30 minutes.
Method/Approach: This testing is going to be elaborate and easy way to test this plan. The things
needed is a timer, caliper, and the composite material. This is a three-person job. There will be
one person holding the material to go in the entrance of the frame body, another turning the hand
wheel to make the feed run, and the third person working the ram to do the delamination.
There will need to be data taken. There is will need to be a caliper to help measure how thick the
board is in the beginning and at the end. A time recorded as to how long the process took, and
while its running how was the sound of the feed: normal sound or bad sound. There will be 4
steps that will need to be repeated 3 times. Data will be taken in a table like the one listed below.
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The hand wheel should be driven at a constant hand motion not too slow nor fast. It should be at
a constant 10 inches per minute. The reason to go at this speed is to be able to stop when ram is
coming down on the material for delamination.
It is important to keep precision in the recording of the widths of the boards before and after. The
numbers of the data should be close to each other and not outliers. Being precise on turning the
hand wheel to keep the same speed throughout trials. Examining this test plan will be simple to
follow and the data is easy to read.
Test Procedure: The testing of this plan will have to take place in the Hogue building, in room
127. A faculty member must unlock the room to get access. The total time of the procedure will
take 30 minutes or less. The Composite Recycle Mechanism will be at the back of the room
along with the chipper and motor. The Frame will have two black lines at the entrance to keep
the composite material lined up as it’s going in. The Hand wheel is driving the feed rate, and this
will need to be turned manually. Then once the material is lined up it will need to be fed through
the frame and into the chipper.
Resources/Materials needed:
• Safety googles
• Test plan sheet with procedure
• Caliper
• 3 composite material boards
• Timer
Steps:
1. Gather all materials and resources needed.
2. With a Caliper measure the composite board and record thickness.
3. Line up the board with the two black lines at the entrance of the Frame.
4. Start timer and turn the hand wheel for 5 seconds.
5. At 5 seconds stop the feed rate and begin the delamination (ramming) process that will
take 14 seconds.
6. Repeat step 5 to move the board forwards and be able to measure the thickness of the
board that was rammed the first time and record data.
7. At the end of each board record if the sound of the feed rate was good or bad.
8. Start a new composite material board and repeat steps 2-6 to gather 3 trials of data.
There should be no risks at all but there are safety factors to keep in mind. Safety protocol is to
always wear safety goggles in case of flying objects. Make sure the safety shields are installed
and covering the machinery. Keep hands away from moving feed rate and inside the body frame.
After reading the test procedure, going through the materials and steps should lead to a
successful lab.
If the during the test procedure is to go wrong and something malfunctions contact a faculty
member. If the feed is to have bad sound stop what the test and that will indicate the testing
failed. That will indicate the material got jammed or a frame part malfunctioned.
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In the appendix is a figure of three views that show the setup of the Composite Recycle
mechanism. The three views show the entrance from where the material is going to enter. The
hand wheel that needs to be turned to make the feed turn. The main machines such as the frame,
motor, chipper and ram are labeled.
Deliverables: With the parameter values that were collected from the composite recycle
mechanism trials, the data values should be precise. The recorded widths, times and sound
description will prove that the feed mechanism is a total success. The values should have been
less than 1 inch thick before going into the chipper and the timing less than 30 seconds, but most
importantly the feed rate should have good sound to prove it won’t jam and everything works
properly inside.
Conclusion: The point of this test procedure was to show the abilities and the success of the feed
rate mechanism. The data recorded, and the sound description is the most important feedback to
know it functions correctly.
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Test Report 2
Introduction: The composite material (1/4”x 3”x 5’) of a Boeing 777x wing is going to be
delaminated by a ram pressing two claw shaped devices together to bend the material. The bent
material must stay in place without jamming, breaking and ejecting the material improperly.
Once the material has gone through in and out properly in the delamination process in the frame
body it will then go into the chipper process to be shredded. The first testing had a spring rate
acting on the feed of 8.26 pounds per inch. This new testing plan has two new spring rates that
will be tested combined into one.
Requirements
• The 1/4” thick material must be able to go through the frame body in between the shafts
with the spring rate constant increasing the griping force on the composite boards.
• It must grip the material to increase the material going through to 1.5-2.5 inches.
• The hand wheel must turn the feed rate at 20 revolutions per minute.
Parameters of interest: The material will roughly be 1/4” thick after delamination process and
will take around 5 minutes to complete one trial run of testing.
Predicted performance: The feed and delamination process will work together to have a good
outcome.
Data acquisition: As the feed is running and delamination ramming down on the material it is
important to listen to the sound inside the frame body. Bad noise will indicate something went
wrong. Making sure the material does not move out of place.
Schedule: Testing this plan will take an approximate 15 minutes.
Method/Approach: This testing is going to be elaborate and easy way to test this plan. The things
needed is a timer, caliper, and the composite material. This is a three-person job. There will be
one person holding the material to go in the entrance of the frame body, another turning the hand
wheel to make the feed run, and the third person working the ram to do the delamination.
This test will have a new approach where the spring rate will be increasing. The first set of
spring rate is 24.2 pounds per inch. The second set of spring rate is 26 pounds per inch. From
these two-spring rates, the one that grips and material and feeds more material more efficiently
will be chosen.
There will need to be data taken. There is will need to be a caliper to help measure how thick the
board is in the beginning and at the end. A time recorded as to how long the process took, and
while its running how was the sound of the feed: normal sound or bad sound. Recording how
many inches the feed rate moved with 20 revolutions per minute. There will be 4 steps that will
need to be repeated 3 times. Data will be taken in a table like the one listed below.
Spring rate of 24.2 lbs./inch will have data on Table 1.
Spring rate 26 lbs./inch will have data on Table 2.
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Table 1
Thickness of
Composite
Material
Before
(inches)

Thickness of
Composite
Material After
(inches)

Task Time
(minutes)

Sound of Feed
(good/bad)

Feed after 20
revolutions
(inches)

Trial 1

.360

.495

5

Good

2

Trial 2

.360

.492

5

Good

2

Trial 3

.360

.493

5

Good

2

Table 2
Thickness of
Composite
Material
Before
(inches)

Thickness of
Composite
Material After
(inches)

Task Time
(minutes)

Sound of Feed
(good/bad)

Feed after 20
revolutions
(inches)

Trial 1

.360

.490

5

Good

2

Trial 2

.360

.491

5

Good

2

Trial 3

.360

.490

5

Good

2

The hand wheel should be driven at a constant hand motion not too slow nor fast. It should be at
a constant 20 revolutions per minute. The reason to go at this speed is to be able to stop when
ram is coming down on the material for delamination. After the first trial of spring rate is tested
the next set should be put in to see which one is the best fit for the mechanism.
It is important to keep precision in the recording of the widths of the boards before and after. The
numbers of the data should be close to each other and not outliers. Being precise on turning the
hand wheel to keep the same speed throughout trials. It is important to measure the distance
before it is fed and the distance after.
Test Procedure: The testing of this plan will have to take place in the Hogue building, in room
127. A faculty member must unlock the room to get access. The total time of the procedure will
take 30 minutes or less. The Composite Recycle Mechanism will be at the back of the room
along with the chipper and motor. The Frame will have two black lines at the entrance to keep
the composite material lined up as its going in. The Hand wheel is driving the feed rate, and this

49

P a g e | 50
will need to be turned manually. Then once the material is lined up it will need to be fed through
the frame and into the chipper.
In referencing Test Report 1, test 1 spring rate was changed. The test 1 spring rate was 8.26
pounds per inch, which was not giving enough force on the material board. The board needed
more gripping force and the shafts to not have slippage.
Resources/Materials needed:
• Safety googles
• Test plan sheet with procedure
• Caliper
• 1 composite material board
• Timer
• Ruler
• 2 sets of Springs
Steps:
9. Gather all materials and resources needed.
10. With a Caliper measure the composite board and record thickness.
11. Line up the board with the two black lines at the entrance of the Frame.
12. Start timer and turn the hand wheel 20 revolutions per minute.
13. When finish turning the feed, measure and record distance traveled.
14. Repeat step 4 and 5 to move the board forwards and be able to measure the thickness of
the board.
15. At the end of each board record if the sound of the feed rate was good or bad.
16. Repeat steps 2-6 to gather 3 trials of data for set of spring.
There should be no risks at all but there are safety factors to keep in mind. Safety protocol is to
always wear safety goggles in case of flying objects. Make sure the safety shields are installed
and covering the machinery. Keep hands away from moving feed rate and inside the body frame.
After reading the test procedure, going through the materials and steps should lead to a
successful lab.
If the during the test procedure is to go wrong and something malfunctions contact a faculty
member. If the feed is to have bad sound stop what the test and that will indicate the testing
failed. That will indicate the material got jammed or a frame part malfunctioned.
In the appendix there is a raw green data sheet, and the test procedure followed to do the testing.
The next figure of three views that show the setup of the Composite Recycle mechanism. The
three views show the entrance from where the material is going to enter. The handwheel that
needs to be turned to make the feed turn. The main machines such as the frame, motor, chipper
and ram are labeled.
Deliverables: With the parameter values that were collected from the composite recycle
mechanism trials, the data values should be precise. The recorded widths, times and sound
description will prove that the feed mechanism is a total success. The total time of the testing 2
took 30 minutes. Each spring rate had around the same results in the fact that when the feed
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moved 20 revolutions per minute, the board moved exactly 2 inches every time. The two spring
rates had the same outcome.
Conclusion: The point of this test procedure was to improve the spring rate. The composite board
needs more pressure and force. The feed should not slip or move when as easily when being
pulled. It will need to withstand the force of the cutter. The feed rate with the two new springs
tested were successful and moved more than the first test. The first testing moved 1.4 inches per
cycle, and this new set of springs moved 2.0 inches.
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APPENDIX J
Job Hazard Analysis
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APPENDIX K
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